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i-j^) Display device comprising liquid crystalline material. 

A display device comprising a display cell con- 
sisting of a substrate which is formed by two oppo- 
sitely located plates 1,2 whose facing sides are 
provided with electrode layers 4,5 to which an ori- 
entation layer 7 is applied and a sealing material 3 
which is provided between the end portions of the 
plates, a liquid crystalline material 6 being filled into 
the space t>etween the plates and the sealing ma- 
terial. In said display device, the liquid crystalline 
material is locally formed into a polymer network in 
accordance with a desired pattern. By virtue thereof, 
the desired pattern of picture elements can be de- 
signed with a substantial degree of freedom because 
it IS possible to locally raise the switching threshold 
of the liquid crystalline material if image formation is 
not desired at locations where electrodes or conduc- 
tor patterns cross each other. 
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T::e' inveniiop relates to a disolay devce -virn a 
display cei' wn cr^ ccmpnses a sutstrate wmcn is 
tormec by two cppositeiv located plates wnose 
facing sices are provicec with electrode layers to 
which an oriefUa^ion :ayt'r i applied and a sealing t 
materia' wnc^ is provdec between the end pcr- 

being -'iHed ir^tc the spa:e between the plates and 
tne sealing materia!. 

The invention also relates to a method of man- lo 
ufacturifig a disolay device with a display cell 
which comorises a substrate which is formed by 
two oopositely located plates whose facmg sides 
are provided with electrode layers to which an 
orientation layer is applied and a sealing nnaterial 75 
which is provided between the end portions of the 
plates, a licuid crystalline material being filled into 
the space between the oiates and the sealing ma- 
terial. 

Such a device can be used, for example, in 20 
alphanumeric, datagraphic display devices, .n par- 
t;cular m oassive displays. In such devices at least 
one of the substrates and the associated electrode 
layer consis: of a transparent material. The other 
substrate may nave a reflective effect or also con- 25 
sists o* a transparent nnatenal 

A liquid crystal dispay device comprises a cell 
having switchable liquid crystalline nnatenal bte- 
tween two flat substrates on which electrical con- 
ductor tracks and electrodes may be located which 30 
can be used to switch the liquid crystalline material 
between an "on" and an "off state in accordance 
with a desired oattern. The electrode layers consist 
of material which is transparent to visible light, for 
example tin oxide and/or indium oxide. To provide 35 
the molecules of the liquid crystalline material with 
a paralle (homogeneous), perpendicular 
(homeotropic) or tilted preferred orientation, fre- 
quently, orientation layers are disposed between a 
substrate having conductor tracks and the switcha- 40 
ble liquid crystalline material. Polarizers may be 
arranged in front cf and behind the display cell, for 
example n such a way that they are crossed and 
do not transm^t light. Such a display device is 
described in, for e> ample, European Patent Ap- 45 
plication EP-A1-0264667 A display device cannot 
only operate through rotation of the polanzation 
direction of transmitted or reflected light but also 
tnrough selective light scattering as described in, 
for example, United States Patent Specification US 50 
4,688,900 

In thtr manufacture of the known dispiav de- 
vices care must be taken tnat no electric fields are 
formec bt.-tween oopositely located conductive lay- 
ers at Iccdtiops where the formation of an im.age is 55 
not desired. Tnis can be achieved by means of the 
design of the electrode pattern and the associated 
conductor tracks running to contact points on the 



oeriphery or *ne device or by means cf a ce^.ice m 
wnicn tne pi-es are eiectncal cn-.en at different 
instants. Due tc: this, the pcsiib.tity 0*' aispiay ng 
picture elements is limited or use mi^st be made of 
d complicateti e.ectnc drive. 

It is an ooject C)f the inven:;cr to provioe, inter 
a'la, a i:ifiipn.' uispiay aevice. :r paaicu a^ a pas- 
sive display device in which the desired pattern of 
pcture eleme-ntL'. can be designed with a substan- 
tial degree of freedom A further object of the 
invention 13 to provide a dispiav cell m which the 
number of separate electrodes and the number of 
conductor tracK*:. is as small as possible. The in- 
vention further aims at providing a simple and 
efficacious mothod of manufacturing such a display 
device. 

These objects are achieved by a display de- 
vice as described in the opening paragraph, which 
display device is cnaracterized according to the 
ir^vention in that the liquid crystalline material com- 
poses molecules having reactive groups and in that 
the liquid crystalline material is locally formed into 
a polymer networi^ in accordance with a desired 
pattern. Preferably, the liquid crystalline material is 
immobilized in an oriented state at the location of 
tf-e network and in the absence cf an electnc field, 
no image is vis. ble between the electrodes in the 
display device 

A very simple and effective display device is 
obtained in accordance with the invention, m that 
one of the plates is provided with patterred elec- 
trodes for dnving oicture elements in the display 
celt, and m that the other plate is provided with a 
contnuous counterelectrode. 

In accordance with the invention, the object of 
providing a method of manufacturing a display 
device is achieved by a method as described in 
the opening paragraph, which method is cnaracter- 
ize;d in that a liquid crystalline mate.-ial ccmprising 
reactive groups is selected and in that the liquid 
crvstalline material is locally formed mto a polymer 
network in accor'dance with a desired pattern by 
e.vposure tc actinic radiation via a mask, In an 
alternatve embodiment of the method, use is made 
of a mcving light beam. 

In the preferred embodiment of the device in 
accordance with the invention, the display cell has 
a ricmogeneous composition and presents no im- 
age in the "off" state. As the switching thresnolc in 
the part oi the ceJ which is polymerized ;n accor- 
dance with a pattern is higher than ir the remaining 
part of the cell, it is possible to switch "on" picture 
eiem:ents only at locations where no network is 
formed, even when the eiectroces or conductor 
tracks cross each other elsewhere. During switch- 
ing, the cnentation cf tne molecules is changed 
only at the location of the desired picture elements. 
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In European Patent Application EP-A2- 
0275999, a description is given of a scattering type 
of displa/ device comprising a display cell in which 
liquid crystalline nnoiecules are present \n a poly- 
mef fietwGrk. The network itseif does not consis: of 
molecules having liquid crystalline propernes. Dur- 
ing :ne fornnaticn of the network a part of rne iiquio 
crystalline nnoiecules is oriented in accordance with 
a desired pattern. By virtue thereof, a pernnanent 
image can be displayed in a part of the otsplay 
device, without it being necessary to drive the 
picture elannents by nneans of electrodes. The pos- 
sibility of provtcing a display cell comprising liquid 
crystalline nnateuial having locally differing switch- 
ing thresholds is not described in said Application. 
Besides, the display cell described therein is a two- 
phase system and said display cell can only be 
used for a scattering type of display device. 

in European Patent Application EP-A1- 
0451905. a description is given of a display cell 
compnsing a liquid crystalline matenal which con- 
sists of a polymerized liquid crystalline material 
and a low-molecular liquid crystalline material, in 
said Applicatioa however, the possibility of provid- 
ing a simplified display device by means of a 
patterned netwoek is not mentioned. 

The invention wil! be explained in greater detail 
by means of an exemplary embodiment and a 
drawing, in whicti 

Fig. 1 is a diagrammatic cross-sectional view of 
a display cell in accordance with the invention, 
Fig. 2 shews the structural formula of a reactive 
liquid crystaline material, 

Fig. 3 shows the structural formulae of the com- 
ponents of a mixture of non-reactive liquid cry- 
stalline materials, and 

Fig. 4 diagrammatically shews a pattern or elec- 
trodes and conductor tracks in a display cell in 
accordance wth the invention. 

E<emplary embodiment. 



In Fig. 1, reference numerals 1 ad 2 refer to 
two oppositely located tight-transmitting plates 
which will hereinafter be referred to as substrates 
and whose facing sides are providec with electrode 
layers 4 and 5 of, for example, In2 0. .SnO: . The 
electrode layers are provided with orientation lay- 
ers 7. for example of polyimide siiane, by means of 
which the liquid crystalline matenal 6 can be ori- 
ented between the electrode layers. The cell is 
nr.anufactured by arranging the thus formed sub- 
strates carrying electrode layers and orientation 
layers oppos.te each other, after which the aperture 
is closed with, for example, an annular member 
and the space between the substrates and the ring 
3 is filled with liquid crystalline material 6. !n prac- 
tice, an adhesive layer of an epoxy compound can 



be used instead cf the nng 3 shown. 

It IS posfiDle to provide an oren:ation layer on 
one :jr both sides of the cell, i.e on one or both 
subs:rates. For this purpose, frequent use is made 
5 of polymer layer> of. for example, polyethylene or 
polytmide, wfiich layers are rubbed in one direction 
witn. for example, a non--!ur* chDth. Another type ot 
orientation layer lonsists of a layer cf silicon oxide 
which is vapour-deposited at an angle. In accor- 
ic dance with the example, polarizers, net shown in 
Fig. 1, are arranged m front or ad behind the cell in 
such a way that they are crossed and do not 
transmit light. In a manner which is known per se, 
the display device can be complemented with a 

75 light source or reflector and electric drive means, 
which are not shown in Fig. 1. 

A mixture cf liquid crystalline materials was 
manufactured from 10% by weight of a reactive 
liquid crystalline material, 88°o by weight of a non- 

2c reactive iiiiuid crystalline matenal and 2°'n by 
weight of the photosensitive initiator 2,2-dimethoxy- 
2-phenyl-a(:etophenone. The diacrylate compound 
C6M, the structural formula of whicn is shown in 
Fig. 2. was used as the reactive liquid crystalline 

25 material. The mixture E7 supplied by BDH chemi- 
cals LTD . whose composition in °o by weight is 
shown in Fig. 3, was used as the non-reactive 
liquid crystalline matenal. 

In accordance with a method which is known 

3c per se, a cell was manufactured by arranging the 
substrates 1 ad 2 carrying electrode layers 4 and 5 
and orientation layers 7 opposite each other and 
providing the above-described mixture of switcha- 
bie liquid crystalline material 6 between said sub- 

35 strates. Glass fibres having a diameter of 7.2 urn, 
serving as soacers, were provided between the 
substrates, The cell was sealed in a customary 
manner using epoxide resin adhesive 3 which was 
provided along the edges of the cell. Via a mask 

4C having a desired pattern the cell was irradiated with 
UV light t:) cure the diacrylate compound C6M. 
The intensity of said UV light was 0.2 mWcm- at 
the location of the iiauid crystalline material 6 In 
said curing process a polymer network was termed 

45 in which the non-reactive material was dispersed. 
In the exposed parts of the ceil the switching 
threshold of the liquid crystalline material is raised. 
I.e. a greater electric field strength is reouired to 
reorient the molecules between the electrode lay- 

50 ers. 

In accorcance with the example, one cf the 
electrode layers 4,5 was constructed as a continu- 
ous, uninterrupted layer of IncOs-SnO^ extending 
over the entire surface of the cell. The other elec- 
ts trode layer was constructed m accordance with a 
pattern, as diagrammatically shown in Fig. 4, and 
comprises a plurality cf electrodes 1 1 ad conductor 
tracks 12. The electrodes correspond to the picture 
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eienents :*' the ce!i. Ir is undes.raMe ^or the noi- 
ecjes cf tne liquici crystallins maieria! to be on- 
en^ec at tne Iccaiion zf the conductor tracks. At :fie 
iocation Of some of tfie eiectrudes a picture eie- 
rnt-Mt 13 [s diagraaimaticaily sfiowfr Witf^in !he 
aotteci h^^es the iiquic cr/jtalhre mater. ai is nci 
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Outsicie the dctted Imes the material is exposea 
and the switching threshold raised. By applying a 
suitable electric voltage the picture element 13 can 
be made visible wniie the associated conductor 
track rennains invisible. 

The display device in accordance with the m- 
veniion can be designed and manufactured in a 
sinnole nnanner because it has been made possible 
to locally vary ihe switcning threshold of the liquid 
crystaliine matenal in the display cell. The display 
dev.ce m accordance with the invention may com- 
prise a flat display cell, but is particularly suitable 
for use with a curved or flexible display cell. 



space Oetweer the plates and the sealing ma- 
terial, characterized in that a liquid cystalhne 
material comprising reactive groups is select- 
ed, and in that the liquid crystalline materia; is 
locally forrriea into a polyrTier networK 71 accor- 
dance with a desirec pattern by means of 
expusjre to aciinic radiation via a masK. 



Claims 



1. A display device with a ci splay eel! which 

comprises a substrate which is formed by two 25 
oppositely located plates whose facing sides 
are provided with electrode layers to which a 
orientation layer is applied ad a sealing ma- 
terial which is provided between the end por- 
tions of the plates, a liquid crystaliine material 30 
being filled into the space between the plates 
and the sealing material, characterized in that 
the liquid crystalline material comprises mol- 
ecules having reactive groups and in that the 
liquid crystalline material is locally formed into 35 
a polymer network in accordance with a de- 
sired pattern. 



2. A display device as claimed in Claim 1, char- 
acterized in that the liquid crystalline material 40 
is innmobilized in a oriented state at the loca- 
tion of the network 



3. A display device as claimed in Claim 1 or 2, 
characterized in that one of the plates is pro- 45 
vided with patterned electrodes for driving pic- 
ture elements in the display cell, and in that 

the other plate is provided with a continuous 
counterelectrode. 

50 

4. A nnethod of manufacturing a display device 
with a display ceil which comprises a substrate 
which is formeo by two oppositely located 
plates Whose facing sides are provided with 
electrode layers to which a orientation layer is 56 
applied and a sealing materia! which is pro- 
vided between the end portions of the plates, a 
liquid crystalline material being filled into the 
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